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A description is given of structural imperfections such as twinning,
lineage sutures and optical streaks, in Alpine quartz crystals.
AT the suggestion of Professor Niggli, the " usability " of Alpine- quartz crystals for piezoelectric communication equipment was
systematically investigated. It was ascertained that carefully selected
parts of Alpine quartz crystals gave quite satisfactory results (Fried-
laender, 1944, 1951 ; Friedlaender and Locher, 1945 ; Hedinger,
1948). The inadequate total quantity of available high-grade Alpine
quartz crystals sets rather narrow limits to their use. Furthermore,
a precision orientation may be rendered deceptive by characteristic
structural imperfections. Whereas the technical importance of Alpine
quartz is slight, at least in normal times, some of the observations made
may be of general interest.
Twinning.—Dauphine twinning was found to some extent in all
Alpine quartz crystals examined. With respect to the extent of twinning
and to the course of the twin boundaries within the crystal, different
types can be distinguished ranging from almost complete absence of
Dauphine twinning to intricate twinning throughout the whole crystal.
Generally speaking, the twin boundaries grow more intricate toward
the apex of the crystal, that is to say with decreasing temperature,
while the bottom of the crystals frequently show a far simpler pattern
of intergrowth of the parts of a Dauphine twin. There is obviously
a fundamental difference between Dauphine and Brazil twinning.
R-L twins appear, in fact, not to be developed with the same facility
as Dauphine twins where both parts involved are of the same hand.
From morphological evidence only, Brazil twinning is recognizable
in Alpine quartz crystals in very rare instances. It is fairly frequent,
however, in small peripheral regions of evidently late formation relative
to the host crystal, as satellite crystals in the sense of Gaudefroy (1933).
Lineage Sutures.—According to a commonly held belief, Alpine
quartz crystals could not be used at all for piezoelectric applications
on account of their intricate twinning. This belief very likely was
founded on an erroneous interpretation of the sutures : they are
frequently taken as an indication of twinning. The sutures, seam-like
lines running roughly parallel the c-axis, cut the horizontal striation
on prism faces which is due to alternation of prism- and steep rhombo-
hedral planes so as to cause a marked discontinuity. While there
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are true twinning seams, it must be emphasized that these sutures are
quite distinct from twinning. On the other hand, the sutures are an
indication of lineage structure such as occurs frequently and in many
minerals (see Buerger, 1934). A line drawing (Text-fig. 1) schematically
shows the internal lineage and twin structure of an Alpine quartz
crystal; the sutures are seen to be independent of the twin boundaries.
TEXT-FIG. 1.—Schematic diagram of an Alpine quartz crystal of hexagonal
habit. The crystal is dissected by four cuts normal to the c-axis
into five parts. The rhombohedral faces show natural etching,
sutures, and horizontal striation.
Z-slab 1 : on polished Z-plane, lamellar lineage boundaries
(represented with some exaggeration). Sutures on prism faces
intersected by horizontal striation.
Z-slab 2 : etched Z-plane shows intricate boundaries of Dauphine
twinning and small region with Brazil twinning. Prism facing front
finely gound and etched so as to show course of twin boundaries.
•> Z-slab 3 : Z-plane and one prism face etched.
id. on Z-cut of basal portion of the crystal. Twin boundaries
are seen to be far simpler in basal part of crystal than in upper
part.
Throughout, lineage sutures independent of twinning.
Optical Streaks.—Viewed in parallel light, a slab of a certain thick-
ness and with two polished parallel faces (as represented in the Z-slab 1
of Text-fig. 1) will reveal optical streaks, similar to those observed
when dissolving sugar in water. These streaks (Plate VII, fig. 1),
however, are not due to dissolution of any foreign material ; they
are accounted for solely by a slight difference in orientation of adjoining
lamellae. If the optical axes of adjoining lamellae in a quartz crystal
differ from each other, there will be a certain difference in refraction,
ny — Hyi. For a difference in orientation of 3°, nyl would be 1 -5534
x cos 3° = 1-5508 ; ny - nyl = 0-0026. For a difference of 4D
between adjoining lamellae, n.y\ would be 1-5492 and ny — nyi
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0-0042. Differences of refraction of that importance must be quite
perceptible.
In a thick slab, there will be a considerable amount of superposition.
This may explain the observation that the streaks seem to lie nearer
to each other than would be inferred from observation in any plane
normal to the viewing direction and that on tilting the slab slightly
the streaks appear to move. In polarized light, polished Z-slabs
reveal contrasting patches of strong interference colours. This is due
to the optical activity and to the lineage structure.
Some observations of optical streaks in polished quartz slabs have
been described by various authors (Kundt, 1883 ; Laemmlein, 1937 ;
Topler, 1864, 1866, 1867 ; Weil, 1931), but no explanation had been
attempted. The observation of streaks in polished slabs presents
a very sensitive means of detecting structural imperfections.
The lineage structure is clearly recognized when plates cut parallel to
the c-axis, as X-cuts and Y-cuts, are viewed in polarized light. As
a rule such a plate prepared from an Alpine crystal will not extinguish
uniformly. One may observe differences in the orientation of the c-axts
of adjoining lineages up to 3°. Laue diagrams within single lineages
appear normal apart from showing a rotation of about 3° around the
c-axis ; the superposition of lineages results in doubling of X-ray
spots.
On observation with low power magnification, the borders and
termination of the lineages become discernible as irregularly tilted,
wedge-like seams of birefringence (Plate VII, fig. 2). A very conspicuous
deviation of the lineages may be reminiscent of accessory heteroaxial
twinning (Plate VII, fig. 3).
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EXPLANATION OF PLATE VII
FIGURE 1.—Optical streaks. Polished Z-slab, about 2 cm. thick, of R-quartz,
Furka. Length of crystal 25-7 cm., diameter 8 cm. Viewed in
parallel light, 1:1.
FIGURE 2.—Lineage structure. Borders and termination of lamellae, X-cut
plate, 1 mm. thick, Z running N.-S. L-quartz, Goscheneralp.
Seams of birefringence, reveal tilting and divergence in orientation
of adjoining lamellae. Polarized light. 18 : 1.
FIGURE 3.—Lineage structure. Borders of lamellae. X-cut plate, 1 mm.
thick, Z running N.-S., L-quartz, Goscheneralp. Seams of bire-
fringence reveal divergence of orientation suggesting analogy to
hetero-axial twin. Polarized light. 18 : 1.
ANNOUNCEMENT
EMPIRE MINING AND METALLURGICAL CONGRESS
The Fifth Empire Mining and Metallurgical Congress will be
held in Australia during April and May, 1953, at the invitation of the
Commonwealth of Australia and the Dominion of New Zealand.
Full details are given in the First Circular, which can be obtained from :
The Secretary,
Fifth Empire Mining and Metallurgical Congress,
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STRUCTURAL IMPERFECTIONS IN ALPINE QUARTZ.
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